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xxI. 

CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF 
HARVARD COLLEGE. 

ON THE ACTION OF SODIUM MALONIC ESTER UPON 

TRIBROMTRINITROBENZOL. 

By C. LORING JACKSON AND GEORGE DUNNING MOORE. 

Presented May 28, 1889. 

IN a previous paper * one of us with J. F. Wing described the prepa 

ration of tribromtrinitrobenzol, and announced that its action with 

sodium malonic ester would be studied. This work promised to be 

of especial interest, because we hoped that each of the bromine atoms 

would be replaced by the radical CH(COOC2H5)2, and that by the 

reduction of the substance thus formed a compound might be obtained 

consisting of three pyrrol molecules united to form a central benzol 

ring, a sort of triple indol. Our first experiments, however, showed 

that the reaction did not run in the way we had expected, but instea(d 

of the removal of all three of the bromine atoms only two were re 

placed, one by the radical CH(COOC2H5)2, the other by hydrogen 

giving a product with the following formula, 

C6HBr(NO2)3CH1(COOC215)2, 

that is, bromtrinitrophenylmalonic ester. After we had established 

the composition of this substance, we decided that it was unwise to 

undertake a complete study of this trinitro compound, which can be 

obtained only with a very considerable outlay of time and material, 

when the corresponding dinitro compound can be made much more 

easily, and resembles it closely in most respects. We have accord 

ingly confined our woi'k principally to those properties of the trinitro 

componnd in which we have observed marked differences from the 

corresponding ones of the dinitro body, and for a fuller discussion of 

those properties which the two substances have in common would 

* These Proceeding, xxiii. 138. 
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refer the reader to a paper " On the Action of Sodium Malonic Ester 
on Tribromdinitrobenzol " by one of us and W. S. Robinson.* 

The results described in this paper can be briefly stated as follows. 

Sodium malonic ester forms in the cold with tribromtrinitrobenzol 
bromtrinitrophenylmalonic ester, 

C6HBr(NO2)3CH (COOC2H5)2, melting point 104'-105o, 

which has acid properties forming salts even with aqueous solutions 

of the alkaline carbonates. Of these the red soluble sodium salt has 

been studied, and its analysis led to the formula 

C6HBr(NO2)3CNa(COOC2H5)2. 

The yellow insoluble copper salt, on the other hand, gave no con 
stant result on analysis, but on several occasions, in trying to make 
it from a solution of cupric clhloride in alcohol and the sodium salt, a 

crystalline substance free from copper was obtainied melting in the 

neighborhood of 75?. Unfortunately the end of the term has pre 
vented us from studying this substance, which is the more interesting 
because no similar compounld has been obtained from the correspond 
ing dinitro body. 

The reactions by which the bromtrinitrophenylmalonic ester is 

derived from tribromtriuiitrobenzol have been made out as follows: 

C6Br3(NO2) 3 + 3 CHNa(COOC21H).2 = 

NaBr + C6Br2(N02)3CH(COOC2II)2 + 2 CHNa(COOC2H15)2 = 

C6Br2(NO2)3CNa (COOC2H4) + CJ2(CTOOC2H5)2 
+ CHNa(COOC2fLI1)2 + NaBr = 

C6IIBr(NO2)3CNa (COOC2H5)2 + C HBr(C00C2H15)2 
+ CHNa(C00C2H15)2 + NaBr= 

C6HBr (NO2)3CNa(CO0C2H15)2 + 2NaBr + C2H2(COOC2 H5)4. 

The acetylentetracarbonic ester formed according to the last re 

action was obtained from the oily secondary product of the action by 
distillation under diminished pressure, and identified by its melting 
point and analysis. 

Perhaps the most striking difference between the dinitro and trini 

tro compounds consisted in the fact that the trinitro ester, or its salts, 
when heated with an excess of common strong nitric acid, turned 

bright blood-red, whereas no such action could be obtained from the 

dinitro compound. The red product, on crystallization from alcohol, 

* These Proceedings, xxiv. 1. 
VOL. XXIV. (N. S. XVI.) 17 
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was converted iinto colorless crystals melting at 1250, and as they 

melted becoming blood-red and iniereasing very much in volume. 

The study of this curious substance is still unfinished: we have only 

established the fact that it is an ester. If the action of the nitric acid 

is long continued, another body is formed melting at 156? to a color 

less liquid, and dissolving in aqueous sodic hydrate with a red color. 

Sulphuric acid of specific gravity 1.44 converts the ester into the 

metabromtrinitrotoluol melting at 143'-144', recently discovered in 

this laboratory by Bentley and Warren. 

The trinitrophen,ylendimalonic ester (melting point 1230), 

C6H(N02)3[CCH(COOC2H5)2112, 

was also obtained by the further action of sodium malonic ester on 

bromtrinitrophenylmalonic ester; strangely enough, it has less marked 

acid properties than the bromine compound, from which it is derived. 

Preparation of Bromtrinitrophenylmalonic Ester. 

The tribromtrinitrobenzol used for this purpose was prepared 

according to the method already given by one of us and J. F. Wing ;* 

we have found, however, that if the proportion of fuming sulphuric 

acid is increased, a better yield is obtained. The proportions finally 

used were, 20 grs. of tribromdinitrobenzol, 500 c.c. of the niitric acid 

of 1.52 specific gravity, and 200 c.c. of fuming sulphuric acid, ilnstead 

of one third the volume of the nitric acid as previously recommended. 

The yield obtained from the new proportions was in the neighborhood 

of 40 per cent of the theory, running in one case as high as 45 per 

cent, whereas the proportions recommended by one of us and Wing 

gave on the average from 15 to 20 per cent, and only in a single 

instance ran as high as 40 per cent. 

To convert the tribromtrinitrobenzol into bromtrinitrophenylmalonic 

ester, one molecule of it must be treated with about three molecules 

of sodium malonic ester. In practice we found it convenient to pro 

ceed as follows. 10 grs. of tribromtrinitrobenzol were dissolved in 

about 200 c.c. of benzol with the aid of heat, mixed, while the solu 

tion was still moderately warm, with 10.6 grs. of malonic ester pre 

viously conlverted into the sodium compound by treatment with the 

sodic ethylate from 1.7 grs. of sodium (a slight excess over the calcu 

lated amount) and about 15 c.c. of absolute alcohol, and the mixture 

* These Proceedings, xxiii. 139. 
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allowed to stand 40 to 60 hours in a corked flask at ordinary tem 
peratures. As soon as the sodium malonic ester was added, the 
liquid became dark blood-red, and on standing this color gradually 
increased in intensity, while at the same time a precipitate of sodic 
bromide was thrown down. The product of the reaction was mixed 
with about three quarters of a litre of water, and acidified with dilute 
sulphuric acid,* which decomiposed the red salt, setting fiee the ester. 
Ether was then added, and, after shaking thoroughly, the ethereal and 
betizol solution separated from the aqueous liquid, which was ex 
tracted once more with ether. On distilling off the ether and benzol 

from the extract, a dark oily residue was left, which was mixed with 
a little alcohol, when, upon stirriing, it solidified to a mass of prismatic 
crystals. These were sucked out on the pump, washed with a little 
clAd alcohol to remove the adhering oil, and purified by crystallization 
from hot alcohol, till they showed the constant melting point 104? 
1050. The oil which was sucked out from the crystals, or removed 
from them by alcohol, upon standing, deposited an additional amdunt 
of the substance, which was purified in the same way as the main 
portion. The substance, after being-, dried in vacuo, was analyzed 
with the following results - 

I. 0.2235 gr. of the substance gave on combustion 0.2860 gr. of 
carbonic dioxide, and 0.0629 gr. of water. 

II. 0.1930 gr. of the substance gave 16.2 c.c. of nitrogen at a tem 

perature of 210, anid under a pressure of 775.9 mm. 

III. 0.2548 gr. gave 20.1 c.c. of nitrogen at 180.5, and 784 mm. 
pressure. 

IV. 0.2080 gr. gave by the method of Carius 0.0870 gr. of argentic 
bromide. 

V. 0.2512 gr. gave 0.1034 gr. of argentic bromide. 

Calculated for Found. 
C6HBr(NO,)3CH(COoC2H,)2 M II. III. IV. V. 

Carbon 34.67 34.89 

Hydrogen 2.67 3.13 

Nitrogen 9.33 9.75 9.38 
Bromine 17.78 17.80 17.52 

The yield was good, when compared to that obtained in similar 
preparations from other substances; the best result was as follows: 

* Dilute nitric acid, which was used in some of the earlier preparations, 

seemed to diminish the yield. 
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10 grs. of tribromtrinitrobenzol, treated as described above with 10.6 

grs. of malonic ester, gave 6.4 grs. of bromtrinitrophenylmalonic ester. 

The amount required by theory, if all the tribromtrinitrobenzol had 

been converted into bromtrinitrophenylmalonic ester, is 10 grs.; there 

fore the yield is 64 per cent of the theoretical. The average yield 

was between 50 and 60 per cent of the theoretical. 

Properties. - The bromtrinitrophenylmalonic ester -crystallizes in 

white slender needles arranged in radiating groups, which, when ex 

amined with the microscope, are seen to be flat needles, or long plates 

terminated by one plane, or, as commonly, by two at an obtuse angle 

to each other. The crystals seem to belong to the monoclinic system. 
The melting point is 1040 to 1050, and if heated to 1600 the substance 

becomes dark red, and gives off gas. It is essentially insoluble in 

cold water, very slightly soluble in hot; insoluble in ligroine; slightly 

soluble in ether; not very soluble in cold, freely in hot ethyl or 

methyl alcohol ; freely in benzol, carbonic disulphide, or glacial acetic 

acid; very freely in chloroform or acetone. Hot alcohol is the best 

solvent for it. Strong hydrochloric acid has no action upon it, even 

when the substances are warmed together in open vessels; it is prob 

able, however, that in sealed tubes the same decomposition would take 

place as that observed with the corresponding dinitro body. Strong 

sulphuric acid dissolves a little in the cold, more when hot, forming a 
colorless solution. Strong nitric acid has little or no action in the 
cold, but, if warmed with it, converts it into an intensely red viscous 
substance swimming in the red acid liquid, which by further action of 
strong nitric acid becomes solid and crystalline. A fuller discussion 
of the action of strong nitric acid and that of dilute sulphuric acid will 
be found later in this paper. 

As was to be expected from the position of one of its hydrogen 
atoms on a carbon surrounded by two carboxylester radicals and a 

trinitrophenyl group, the substance possesses marked acid properties. 

Sodic hydrate in excess gives only -a pale red color with the solid 

ester, owing to the very slight solubility of the sodium salt in sodic 

hydrate, but upon adding water the coloration increases, and the addi 

tion of a few drops of alcohol produces a very dark red solution. 

Potassic carbonate in aqueous solution gives a slight red color, on the 

addition of a little alcohol a dark red solutior ; acid sodic carbonate 

acts in much the same way, but the color produced by the aqueous 

solution is paler than that given with potassic carbonate. Ammonic 

hydrate gives a red color at once, but this cannot be obtained free 

from ammonia by evaporation on the water bath, or by using an excess 
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of the ester. The behavior of such a solution made by usilng an ex 
cess of the ester with ammonic hydrate was studied nevertheless, and 
the following are the more characteristic precipitates which were 

obtained: - 

liagnesium salt, pale rust-colored. 

Calcium salt, pale red flocks. 
Strontium salt, like that obtained from calcium, but not so heavy a 

precipitate. 

Barium salt, an even less heavy precipitate than that obtained witl 
strontium, also less flocculent. 

Manganese salt, yellowish brown. 
Zinc salt, pale red. 

Cobalt or Nickel salts, yellowish. 
Ferric salt, rust-colored. 

Cupric salt, a rusty red to orange. 

Mercuric chloride, yellowish brown. 
Mercuric nitrate, rust-colored. 

Mercurous salt, rusty precipitate mixed with the black product from 
the excess of ammonic hydrate. 

Cadmium salt, yellowish red. 

Lead salt, brilliant rust-color. 
Silver salt, vivid brown (" Bismarck brown"). 
The most characteristic point in its behavior with reagents is that 

the magnesium and calcium salts are less soluble than the strontium 
and barium salts, the order of solubility being magnesium and calcium 
least soluble, stronitium more soluble, barium the most soluble. A 
similar observation has been made by Bischoff* in regard to the salts 
of orthonitrobenzoylmalonic ester, and the bromdinitrophenylacetacetic 
ester also exhibits the same peculiarity, as we mention in detail in the 
next paper of this series. 

Salts of Bromtrinitrophenylmalonic Ester. 

We had intended at first to make a ra.her thorough study of the 
salts of the bromtrinitrophenylmalonic ester, but after a few experi 

ments became convinced that this would be a waste of time, as, owing 
to the ease with which the atom of bromine can be removed, no very 
satisfactory analytical results could be obtained; and we were the 

more ready to give up this part of the work, because our investigation 
of the secondary oily product of the reaction, by which the bromtrini 

* Ann. Chlern., ccli. 362. 
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trophenylmalonic ester is formed, had settled beyond a doubt the comn 
position of the ester, which before this and the similar investigation 

made by one of us and W. S. Robinson had rested principally on 

the analyses of its salts (see these Proceedings, xxiv. 4). We have 

confined ourselves therefore to a single analysis of the sodium salt, 

and a preliminary study of the copper salt, the results of which are 

given below. 

Sodium Salt, Cl6HBr(NO2)3CNa(COOC2H1)2. - This substance was 

made in two ways. First, by digesting solid pure sodic carbonate 

with a solution of bromtrinitrophenylmalonic ester in absolute alcohol. 

The red solution was filtered from the excess of sodic carbonate, 

evaporated to dryness on the water bath, and dried at 10O', when it 

gave the following result on analysis: 

0.2373 gr. of the salt gave after being heated with sulphuric acid 

0.0418 gr. of sodic sulphate. 

Calculated for 

C6lHBr(N02)3CNa(C02C2H5), Found. 

Sodium 4.87 5.71 

The bad result is probably due to a slight excess of sodic carbonate, 

which dissolved in the alcohol. The salt looked black and somewhat 

decomposed. 
The second and better method was that used for making the salt of 

the corresponding dinitro compound, that is, by the action of an alco 
holic solution of sodic hydrate or ethylate on an alcoholic solution of 

the ester, taking care that the ester is in excess. For the necessary 

precautions see these Proceedings, xxiv. 7. No analysis was made 

of this preparation, as from our experience with the acetacetic com 

pound we were sure that no accurate analytical results would be 

obtained. 

Properties. - The sodium salt forms an amorphous blackish red 

mass, soluble in ethyl or methyl alcohol, water, or acetone; tolerably 

soluble in ether; slightly in chloroform; insoluble in benzol or ligroine. 

All the solutions have a deep blood-red color. When the salt is treated' 

with an excess of strong nitric acid (of specific gravity 1.36), it is at 

first decolorized, but almost immediately turns vivid red owing to the 

formation of the substance produced by warming the free ester with 

nitric acid. This behavior is characteristic, as it appears with none 

of the similar substances which we have studied. 

Copper Salt. -We took up the study of this salt in the hope of 

throwing light on the composition of the ester, but after analyzing 
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several samples were convinced that the precipitate had a varying 
composition, and therefore describe our work only becatuse of a curious 
observation made in the course of it. The salt was made by adding a 
solution of cupric sulphate to an alcoholic solution of the sodium salt, 

which need not be free from sodic hydrate; the copper salt was ex 
tracted with ether, and obtained oIn evaporating the ethereal solution 
as an orange mass, which when heated exploded with a blue flame. 
It was insoluble in water, nearly insoluble in cold alcohol, soluble in 
hot, and the yellow solution deposited the salt in rhombic crystals; very 
soluble in benzol or chloroform; insoluble in ligroine. 

We next substituted an alcoholic solution of cupric chloride for the 
cupr'ic sulphate, in hopes of getting a better result, when to our sur 
prise a product was obtained crystallizing from alcohol in long white 
prisms, and melting in the crude state at 75?. This product was ob 
tained more than once, but as frequent crystallization was necessary 
to purify it, we did not at first have enough to bring it into a state fit 
for analysis; and, on returning to the subject after some months, we 
obtained under the same coniditions nothing but the orange explosive 
copper salt. Unfortunately, we had postponed work on this subject 
till so near the end of the term that we were unable to give it the 
careful study it seems to deserve, but its investigation will be continued 
in this laboratory next year. 

Study of the Reactions by which Bromtrinitrophenylmalonic Ester 
is formed. 

The reactions by which the bromtrinitrophenylmalonic ester is 
formed from the tribromtrinitrobenzol must consist in the replace 

ment of one of the atoms of bromine by the malonic ester radical 

CH(COOCAH5)2, and of another by hydrogen. The first of these pro 
cesses needs no explanation, but the mechanism of the second, the 
replacement of the bromine by hydrogen, could be made out only by 
experiment. Obviously, the first point to be settled was the form in 
which the bromine was eliminated; that is, whether as sodic bromide 
alone, or partly as sodic bromide and partly as an organic com 

pound. For this purpose the following quantitative determinations 
were made: 

I. 10 grs. of tribromtrinitrobenzol, treated with the sodium malonic 
ester from 15 grs. of malonic ester, gave after standing two 

days and a half 8.83 grs. of argentic bromide, corresponding to 
3.76 grs. of bromine. 
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II. The same weights under the same conditions gave 9.08 grs. of 
arg,entic bromide, corresponiding to 3.86 grs. ot bromine. 

If two atoms of bromine had been removed, the amount of bromine 
should have been 3.55 grs. Therefore the percentages of the theo 
retical bromine removed as sodic bromide were, 

I. II. 

105.9 108.8 

It appears, therefore, that a little more than the amount calculated 
for two atoms of bromine has beeni removed as sodic bromide, and this 
is easily explained by the observation described later in this paper, 
that sodium malonic ester can act on the bromtrinitrophenylmalonic 
ester even in the cold to form the trinitrophenylendimalonic ester, a 
small quantity of which was undoubtedly formed in these two experi 

ments by the large excess of sodium malonic ester present. At any 
rate, there can be no question that all the bromine was removed in the 
form of sodic bromide. 

The next step consisted in determining the nature of the organic 
secondary product. For this purpose, the oil, separated from the 
bromtrinitrophenylmalonic ester by sucking out the crude product on 
the pump and treatment with alcohol. was allowed to stand till it 
ceased to deposit crystals of the ester, and then submitted to distilla 
tion under diminiished pressure. The pressure varied from 22 to 25 

mm., and a distillate began to appear when the thermometer inside 
the flask stood at 980, and was collected until the temperature had 
reached 1600, when about one third of the total volume had passed 
over. In this way a clear yellow liquid was obtained, which distilled 
unaltered at ordIinary pressure between 197? and 2060. We there 
fore inferred it was mostly malonic ester, boiling point 197?.7, a view 
of its nature which was confirmed by its smell. As the whole of the 
distillate passed over below 206?, there could be no large amount of 
tartronic ester (boiling point 2200) present, which we had expected 
after the work of one of us and W. S. Robinson oni the corresponding 
dinitro compound, and the secondary product of the reaction must be 
looked for in the residue which had been left behind in the flask after 
the distillation under diminished pressure. This was a thick blackish 
hrown oil, which on standing for about a week deposited crystals all 
over its surface; these were removed and allowed to stand on filter 
paper until a large part of the oil had been sucked out, wbhen they 
were purified by washing with a small quantity of cold alcohol, and 
then crystallizing from boiling alcohol, until they showed the constant 
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melting point 760. The substance formed long glittering colorless 

needles or prisms, and contained no bromine; we decided accordingly 

that it was the acetylenitetracarbonic ester (melting point 760), and 

this conclusion was conlfirmed by the following analysis: 

0.2270 gr. of the substance gave on combusion 0.4384 gr. of carbonic 

dioxide, and 0.1506 gr. of water. 

Calculated for 
C2H2(CO2C2H5)4. Found. 

Carbon 52.83 52.67 

Hydr ogen 6.92 7.36 

The amount of acetylentetracarbonic ester was so considerable, that 

there can be no doubt it was a principal product of the reactions by 

which the bromtrinitrophenylmalonic ester is formed, and these must 

therefore be written thus: 

C6Br3(NO2)3 + 3 CHNa(COOC2H,)2 = 

C6Br2(N02)3CH(COOC2H5)2 + NaBr + 2 CHNa(COOC2H5)2 = 

C6Br2 (NO2)3CNa(COOC2II)2 + CH2(C00C2H15)2 

+ CHNa(COOC2H,)2 + NaBr = 

C61 Br(NO2) CNa(COOC2H5)2 + CHBr ( COOC2H)2 

+ CHNa(COOC2H5)2 + NaBr 

C6HBr(N02)3 CNa(COOC2HI)2 ? C2H2(COOC211)4 + 2 NaBr. 

The qnly objection which could be urged against this series of re 

actions is that the yield of bromtrinitropbenylmalonic ester is only 

64 per cent of the theoretical, from which it might be argued that 

nearly half of the tribromtrinitrobenzol may have undergone some 

different transformation. This objection is disposed of, however, by 

the fact that W. D. Bancroft and one of us * have succeeded in getting 

a yield of 80 per cent of the dibromdinitrophenylmalonic ester from 

tetrabromdinitrobenzol by a series of reactions exactly analogous to 

those just given. The missing 36 per cent of the bromtrinitrophenyl 

malonic ester must therefore have remained dissolved in the oil, and 

have been destroyed by the distillation even under the diminished 

pressure used by us. 

Action of Nitric Acid. 

The intense red color produced by the action of nitric acid of spe 

cific gravity 1.36 on the sodium, or copper salt of the bromtrinitrophe 

nylmalonic ester in the cold, or on the ester itself at 1000, seemed to 

* These Proceedings, xxiv. 295. 
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us of great interest, and we laid out what we thought would be time 

enough for its investigation; unfortunately, however, this was not the 

case, since, after the work had been going on for some time, we found 
that at least two substances were formed by this reaction, and conse 

quently the end of the term surprised us before we had reached any 
definite results. We have decided, however, to publish here what 
results we have obtained, as we are unable to go on with this work 
together, but wish it to be understood that all these statements are 

to be taken as preliminary. 
If about 1 gr. of bromtrinitropheinylmalonic ester was mixed with 

2-3 c.c. of strong nitric acid (specific gravity 1.36), no change took 
place in the cold; but if the mixture was warmed gently on the water 

bath for less than five minutes, an intense vivid red color appeared 
in both the acid liquid and the organic substance, which melted and 

became converted into a viscous mass. If now the acid was poured 
off, a fresh quantity added, and the gentle warming repeated, the vis 
cous drop became converted into a red crystalline mass, and by con 

tinuing this treatment with successive portions of nitric acid the red 
color could be removed partially, so that the product had a spotted red 
and white appearance. This frequent treatment with nitric acid was, 
however, unnecessary, as the red crystalline product after the second 

warming with nitric acid gave, when crystallized from alcohol, well 
formed white prisms, and a reddish mother liquor. The red nitric acid 
poured off from the principal part of the product gave with water a 
red precipitate, but a better mode of treatment seemed to be to evapo 
rate this red acid to dryness on the water bath. The residue, or pre 

cipitate obtained with water, was partly viscous, partly crystalline, 
and by treating it again with warm strong nitric acid a new quantity 
of the red crystallinie substance was obtained, but the amount recov 
ered in this way was so small that it hardly paid for the trouble. 

The white crystals, after purification by crystallization from alcohol, 
showed the constant melting point 125?, and their behavior in melting 

was very eharacteristic, as they tuirned from white to bright red, and 

swelled to many times their original volume. They were not affeeted 

by sodic hydrate in aqueous solution. Supposing that the substance 
was homogeneous because of its constant melting poinit, we analyzed 

it, but on studying its properties more carefully we began to doubt its 

purity for the following reasons: -First. Although the microscopic 
examination showed that the substance consisted principally of white, 
short, rather thick monoclinic prisms, usually with both terminations 

well developed and made up of two planes, there were mixed with 
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these longer prisms, and we could not decide whether these latter 
were a different substance or merely a different habit of the same. 
Second. When the crystals were treated with sodic hydrate and alco 
hol a little of a soluble red salt was formed around each crystal, but 
we could not convert the whole of the crystals into this salt. This 
seemed to point to the presence of an impurity, from which the salt 

was formed. Third. We found almost at the very end of the term, 
that by warming the bromtrinitrophenylmalonic ester with strong ni 
tric acid for three hours, instead of a few minutes, a red substance was 
obtained, which crystallized from alcohol, became white, and melted 
at 156? instead of 1250, and, what was as distinctive as the different 

melting poinlt, fused to a colorless liquid, and gave a red solution with 
aqueous sodic hydrate. This substance was discovered so late that 
we had no time to investigate it, but some of it seemed to be formed 
even on shorter heating (15 minutes) with the nitric acid. For these 
reasons, we have decided that it is wiser to postpone the publication 
of our analyses of the substance melting at 1250 until the work has 
been repeated with samples in regard to the purity of which there 
can be no doubt. We add such results of our work as are established 
with certainty. The analyses made by us showed that there were 
three atoms of nitrogen to one of bromnine in the substance, and there 
fore the action of the nitric acid did not consist in the introduction 
of another nitro, or nitroso group. The fact that it is insoluble in 
aqueous sodic hlydrate shows that it is not a free acid, and its action 
with hydrochloric acid would indicate that it was an ester, as, when 
heated to 135?-140? with this acid in a sealed tube for 36 hours, a 
gas was given off burning with a green-bordered flame, and giving a 
white precipitate with lime-water, which therefore must have contained 
ethyl chloride and carbonic dioxide. The solid product of this action 
was partly viscous and partly crystalline; the latter melted in the 
crude state above 180?. It has been stated already that the substance 

melting at 1250 turns red and increases in volume when it melts; this 
change, which takes place to a limited extent even when it is kept at 
100? for some time, is accompanied by loss of weight, as a sample 
kept at its melting point for some days lost at least 17 per cent, and 
gave a residue consisting of two or more substances, one white and 
crystalline, the other red and viscous. 
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Action of Sulphuric Acid. - Constitution of the Bromtrinitrophenyl 

malonic Ester. 

The action of dilute sulphuric acid upon the bromtrinitrophenyl 

malonic ester was studied in the hope of obtaining the as yet un 

known bromtrinitrophenylacetic acid, as it had been found by one of 

us and W. S. Robinson t that the corresponding dinitro compound was 

decomposed in this way. For this purpose, about 2 grs. of the ester 

were boiled in a flask under a return condenser with sulphuric acid of 

specific gravity 1.44 and boiling point 132? until the ester had dis 

solved; the liquid was then allowed to cool, when it deposited crystals, 

which, after recrystallization from alcohol, were recognized by their 

melting point 143?-144?, their appearance, and the absence of acid 

properties, as the metabromtrinitrotoluol discovered in this laboratory 

by Bentley and Warren. 

It is evident therefore that the bromtrinitrophenylacetic acid is less 

stable than the corresponding dinitro compound, as indeed was to be 

expected, and was broken up as soon as formed into the substituted 

toluol and carbonic dioxide according to the following reaction: 

C6.HBr(N02)3CH2COOH = C6HBr(NO2)CLCH1 + CO2. 

The formation of this substance would settle the constitution of 

the bromtrinitrophenylmalonic ester, if that were necessary, but 
the preparation of the ester from symmetrical tribromtrinitrobenzol 
leaves no doubt as to its constitution, which must be as follows, 

CH(COOCAH)2, NO2, Br, NO2, H, NO2, 1, 2, 3, 4, 5, 6, and Bentley 
and Warren have established the corresponding constitution for their 

substituted toluol. 

Trinitrophenylendintalonic Ester, C6H(NO2)3[CH (COOC2H6),]2. 

This substance was formed by the further action of sodium malonic 

ester on bromtrinitrophenylmalonic ester. For this purpose, 1 gr. 
of bromtrinitrophenylmalonic ester dissolved in ether was mixed with 

1.5 grs. of malonic ester previously converted into sodium malonic 

ester and dissolved in much absolute alcohol, and the mixture boiled 

in a flask with a return condenser for an hour. The product, which 

was very dark brown, almost black, was treated with water, acidified 

with dilute sulphuric acid avoiding a large excess, the ether removed 

with a drop funnel, and the aqueous liquid shaken out twice with 

ether. The extract, after distilling off the ether and allowing it to 

t These Proceedings, xxiv. 240. 
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get perfectly cool, was treated with a little alcohol, when crystals 

separated on standing, which were purified by recrystallization from 

alcohol, until they showed the constant melting point 123?. They 

gave no test for bromine when heated on a copper wire, and, after 

drying in vacuo, were analyzed with the following results: 

I. 0.3004 gr. of the substance gave on combustion 0.5043 gr. of 

carbonic dioxide, and 0.1230 gr. of water. 

II. 0.2392 gr. of the substance gave 16.8 c.c. of nitrogen at a tem 

perature of 250 and a pressure of 768 mm. 

Calculated for Found. 
C6H(N02)3[C1(Co(cl2Hl)2]2 I. II. 

Carbon 45.37 45.78 

Hydrogen 4.35 4.'5 

Nitrogen 7.94 7.92 

A small quantity of this substance can also be formed in the cold, 

and more than once some of it has been obtained in making the 

bromtrinitrophenylmalonic ester by the process described earlier in 

this paper (compare pages 258 and 264). 

Properties. - The trinitrophenylendimalonic ester crystallizes from 

alcohol in long colorless prisms, terminated by a single rhombic plane 

at a tolerably sharp angle to the sides; less frequently, the termination 

conisists of two planes at an obtuse angle to each other, so that the 

general effect is as if the prisms had rounded ends. They are fre 

quently grouped, or twiinned, parallel to their long axes, so that often 

there are two or more terminations at one end of a group. The sub 
stance melts at 1230; and is very nearly, if not quite, insoluble in 

water, whether cold or boiling; essentially insoluble in ligroine; not 

very soluble in cold ethyl or methyl alcohol, freely in either of these 

solvents when hot; very slightly soluble in carbonic disulphide; 
soluble in ether or glacial acetic acid; and freely soluble in benzol, 

chloroform, or acetone. Its acid properties are not so strongly de 

veloped as we expected. An aqueous solution of sodic hydrate 
turins the solid pale red, but does not dissolve it to any extent; if, 

however, sodic hydrate is added to its alcoholic solution, it at once 

takes on a dark brownish red color, much browner than any of the 

similar salts which we have studied, - in fact it would be possible to 

recognize the salt by this color. An aqueous solution of potassic car 

bonate gives a very faint red color with it, which is iucreased, but 

not to a great extent, by adding alcohol to the aqueous solution. The 

action was incomplete at best; acid sodic carbonate had nio action on 
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it in aqueous solution, but on the addition of alcohol a barely per 

ceptible red color appeared. Ammonic hydrate even in dilute aqueous 
solution dissolved it easily with a brown color; the solution turned 
blacker when the attempt was made to drive off the excess of ammo 
iia on the water bath, and a white scum formed on the surface, 

probably the original substance. The behavior of this solution was 

studied with some of the commoner reagents; but, as it showed such 

evident signs of decomposition, we did not think it worth while to 

extend this work to salts of all the basic radicals. 
Ferric salt, cupric salt, silver salt, and lead salt all gave brown 

flocculent precipitates. 

Calcium salt gave no precipitate. 
Barium salt, a very slight dirty brown precipitate, but none if the 

solution had not been warmed on the water bath in the vain attempt 
to drive off the excess of ammonia. 

Strong sulphuric acid dissolved the dimalonic ester, giViDg a color 
less solution. Strong hydrochloric acid had no action upon it, whether 
hot or cold. Strong nitric acid dissolved it partially in the cold, 
giving a yellowish solution, which when warmed became darker 

vellow; but if the warming on the water bath was continued for some 

time, the acid liquid became red, and a red viscous substance was 
also obtained, which, after washing with water and crystallization from 
alcohol, was converted into yellow plates melting at 104o-105o in the 
crude state. It is evident that the action here is similar to that of 

bromtrinitrophenylmalonic ester with strong nitric acid, but the end 
of the term has prevented us fromn continuing the study of this sub 
stance at present. 
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